TAIWAN TAENIA
Field surveys were conducted among aborigines in the mountainous areas of Taiwan (Wulai District, Taipei County; Lanyu District, Taitung County; Nanao and Tatung Districts, Ilan County; Wufeng and Chienshih Districts, Hsinchu County; Chochi District, Hualien County; Jenai District, Nantou County) [15] [16] [17] [18] [19] [20] [21] [22] . The infected persons were identified by questionnaire and demonstration of tapeworm segments and then treated with atabrine, niclosamide, or bithionol. After the subjects were given a purgative (magnesium sulfate) and swallowed a large amount of water, tapeworms were expelled in their feces. These feces were then washed through a wire sieve, and the tapeworm materials were collected and brought to our laboratory in Taipei for experimental studies.
Four animal species (45 pigs, 3 calves, 15 goats, and 4 monkeys) were inoculated with Taiwan Taenia eggs. The pigs used included three strains: 16 Small-Ear Miniature (SEM), 24 Landrace Small-Ear Miniature (L-SEM), and 5 Duroc-Yorkshire-Landrace (DYL). The calves were Holstein, goats were Sannean, and monkeys were Macaca cyclopis. The animals used in our experimental studies were considered to be free from Taenia infections, because all were very young and purchased from three animal farms with good sanitary conditions. However, three pigs, one goat, and four monkeys were adults and purchased from animal sellers.
Eggs were collected from the last 10 gravid proglottides of each parasite and placed into a 30-mL glass vial filled with 0.85% normal saline. Aliquots of eggs were counted under a stereomicroscope. Each animal was fed 1,000 to 30,000 eggs through a plastic stomach tube connected to a 10-mL syringe. The animals were kept in our animal center and fed with the regular diet.
The animals were killed by electric shock 7 to 320 days after infection. The carcasses were transported to our laboratory and, after shaving and skinning, the abdominal and thoracic cavities were opened. The surfaces of the viscera and other parts of the carcass were carefully examined grossly for nodules containing the milk-white cysticerci. All muscles and internal organs were then cut into 2-to 4-mm sections and pressed between glass plates for further examination.
After recording the locations and numbers of cysticerci, the cysts were removed and then opened under a stereomicroscope for examination and to determine the developmental stages of the parasite. The cysticerci were classified as immature if the contents of the cysts were milkwhite and pastelike and as degenerated or calcified if the contents of the cysts were black and either sandlike or powdery. Mature cysticerci possessed a protoscolex with suckers, hooklets, and rostellum, and exhibited an amebalike movement.
After determination of the developmental stages of the cysticerci, the mature ones were further examined under a standard microscope. The length and width of cysticerci and diameters of protoscolex, rostellum, and suckers were measured with the aid of a micrometer. The number of rows of hooklets and number in each row were counted, and the length of each hooklet was also measured [8, 9] .
The four kinds of animals infected experimentally with Taiwan Taenia were found to be experimental intermediate hosts of the parasite. The infection rates for pigs (DYL, SEM, and L-SEM strains), calves (Holstein strain), goats (Sannean strain), and monkeys (M. cyclopis) were 83% to 100%, 100%, 33%, and 50%, respectively. A total of 63,372 cysticerci were recovered only from the livers of the infected animals, whereas no parasites were found in other parts of the carcasses. The cysticercus recovery rate was highest among SEM pigs (19.1%) and lowest for goats and monkeys (0.01%) ( Table 1) .
Among 13,228 cysticerci recovered from 20 L-SEM, 12 SEM, and 4 DYL pigs, 3 Holstein calves, 5 Sannean goats, and 2 monkeys 14 to 314 days after experimental infection, more cysticerci were found in the parenchyma (67%) than on the surface (33%) of the livers in these animals ( Table 2) .
No cysticerci were found in the livers of the infected pigs on or before day 11 of experimental infection. The immature cysticerci were first observed on day 14 in two L-SEM pigs. In SEM pigs, immature cysticerci were found on day 79, whereas no immature cysticerci were found in L-SEM pigs after day 37. The percentage of immature cysticerci was inversely proportional to the duration of infection. No immature cysticerci were recovered from DYL pigs on and after day 43 after infection (Table 3) .
Mature cysticerci first appeared on day 27 in SEM, on day 28 in L-SEM, and on day 33 in DYL pigs. The percentage of mature cysticerci was also inversely proportional to the duration of infection. Degenerated or calcified cysticerci were first recovered from the livers of L-SEM, SEM, and DYL pigs on days 24, 27, and 33 after inoculation, respectively. On and after day 42, all cysticerci were found degenerated or calcified in L-SEM pigs, but the mature ones were still found on and after day 97 in the SEM pigs. The percentage of degenerated or calcified cysticerci was directly proportional to the age of the pig and the number of eggs fed initially (Table 3) . Madagascar Taenia  Pig  SEM  2  3  66  75-76  13 Mature (76%) and degenerated or calcified (24%) cysticerci were recovered from the livers of two calves 85 to 91 days after infection. However, only degenerated or calcified cysticerci were recovered from the livers of five goats and four monkeys (Table 3) [8, 9] .
Korea Taenia
Specimens of Korea Taenia were obtained from the inhabitants of Weowumri and Kuwomri villages on Cheju Island of Korea [23] . The eggs of these tapeworms were inoculated into eight (three SEM, four L-SEM, and one DYL) pigs, one Holstein calf, and two Sannean goats [10] .
The pigs and calf inoculated with Korea Taenia eggs were all found to have cysticerci (100%). Of the two goats inoculated with Korea Taenia, only one (50%) was found to be infected. A total of 19,219 cysticerci were recovered only from the livers of these animals. The recovery rate was highest among L-SEM pigs (5.6%). The corresponding figures for SEM pigs, DYL pig, Holstein calf, and Sannean goat were 1.7%, 0.06%, 0.03%, and 0.02%, respectively (Table 1) .
Of 241 cysticerci recovered from four L-SEM pigs, 69% were found in the liver parenchyma and 31% on the liver surface. The corresponding figures for the three SEM pigs, one DYL pig, one Holstein calf, and one Sannean goat were 50% and 50%, 65% and 35%, 80% and 20%, and 83% and 17%, respectively. In total, 19,236 cysticerci were recovered from the livers of the 10 animals-51% located in the liver parenchyma and 49% on the liver surface. Therefore, more cysticerci were in the former than on the latter of the susceptible animals ( Table 2) .
Mature and immature cysticerci were found in the livers of L-SEM pigs on days 29, 34, and 41 after feeding 1000 eggs each. No degenerated or calcified cysticerci were observed. Mature and degenerated or calcified cysticerci were found in the liver of one L-SEM pig on day 55 after infection (Table 3) .
Of the three SEM pigs, immature cysticerci were recovered from the livers of two of them on days 16 and 21 after feeding 380,000 eggs each. Degenerated or calcified cysticerci were also recovered from the livers. On day 30, immature, mature, and degenerated or calcified cysticerci were found in the liver of one SEM pig (Table 3) .
From the 5-day-old DYL pig, 17 mature cysticerci only were recovered from the liver 77 days after inoculating 30,000 eggs. Only degenerated or calcified cysticerci were found in the livers of the Holstein calf and Sannean goat on day 72 and day 101, respectively, after feeding 30,000 eggs (Table 3 ) [10] .
Indonesia Taenia
From the inhabitants in Ambarita and surrounding villages on Samosir Island in Lake Toba, North Sumatra, Indonesia, specimens of Indonesia Taenia were collected [24] . The eggs from these tapeworms were inoculated into nine (three SEM and six L-SEM) pigs and two Holstein calves [11] .
All of the six L-SEM pigs and three SEM pigs were found to be infected with cysticerci of Indonesia Taenia (100%). A total of 4922 cysticerci were recovered only from the livers of these animals, and the recovery rates of cysticerci were much higher in the latter (22.0%) than in the former (1.6%). The Holstein calves were not susceptible to Indonesia Taenia ( Table 1) .
The distribution of cysticerci in the livers of the experimentally infected L-SEM and SEM pigs is shown in Table 2 . Generally, more cysticerci were found in the liver parenchyma (L-SEM, 66%; SEM, 76%) than on the liver surface (L-SEM, 34%; SEM, 24%) of the infected animals. No cysticerci were found in the muscles and other parts of the carcasses.
Most (99.9%) of the cysticerci recovered from the livers of the five L-SEM pigs infected with Indonesia Taenia were degenerated or calcified. However, 78% from the two SEM pigs were mature, and only 22% were degenerated or calcified (Table 3 ) [11] .
Thailand Taenia
Twenty-five gravid proglottides of Taenia were obtained from a patient in Chiangmai, Thailand. These proglottides were kept in normal saline and brought by J.H. Cross to our laboratory 14 days after worm passage. Each of the proglottides was examined under a stereoscopic microscope after pressing between two microscopic slides. The number of uterine branches in each side ranged from 12 to 19, with a mean of 16, and the tapeworm was identified to be T. saginata-like. Eggs were removed from the proglottides and inoculated into eight SEM pig and two Holstein calves [12] .
Six of the eight SEM pigs became infected, and 16 cysticerci were recovered from the livers. Thirteen degenerated or calcified cysticerci were also recovered from the livers of the two calves. The cysticercus recovery rate for pigs and calves were 0.06% and 0.21%, respectively (Table 1) .
Of 16 cysticerci recovered from the six SEM pigs, 62% were located in the liver parenchyma and 38% on the liver surface. However, the corresponding figures for the two Holstein calves were 46% and 54%. In total, of the 29 cysticerci recovered, more were found in the liver parenchyma (16 or 55%) than on the surface (13 or 45%) ( Table 2) .
Sixteen cysticerci were recovered from the livers of four SEM pigs (10 were mature and 6 were immature). One of the immature cysticerci was recovered from a 36-day SEM pig on day 12 after inoculation. This is the earliest record of immature cysticerci in the liver of an infected pig. Thirteen cysticerci were degenerated or calcified; these were recovered from two 66-day Holstein calves on days 75 and 76 after infection (Table 3 ) [12] .
Philippines Taenia
Gravid proglottides of Taenia were collected by Amante Cruz of the College of Public Health, University of the Philippines, from a patient in Manila, the Philippines. These gravid proglottides were mailed to our laboratory by J.H. Cross. Each proglottid was examined under a stereoscopic microscope after pressing between two microscopic slides. The number of uterine branches in each side was counted to confirm the species of the tapeworm to be T. saginata-like. The eggs from these proglottides were inoculated in six SEM pigs and one Holstein calf [13] .
All six SEM pigs and the Holstein calf were found to be infected with cysticerci of Philippines Taenia. A total of 6431 cysticerci were recovered from the six SEM pigs and 597 from the Holstein calf. The cysticerci recovery rates for the SEM pigs and Holstein calf were 11% and 6%, respectively ( Table 1) .
All 6431 cysticerci from the pigs and 597 from the calf were found only in the livers, more in the parenchyma (pigs 75%, calf 83%) than on the surface (pigs 25%, calf 17%). Mature cysticerci were found in four of the six pigs. A total of 317 cysticerci recovered from the pig livers were mature, and the rest were immature (926), or degenerated or calcified (5188). All 597 cysticerci recovered from the liver of the calf were degenerated or calcified (Table 3 ) [13] .
African Taenia
Eggs of Ethiopia Taenia in expelled gravid proglottides from a patient in Ethiopia were collected by C.T. Lo and mailed to our laboratory. A Madagascar Taenia strobila was also collected by one of our junior authors (Chung) in Taipei from a Chinese patient who was infected in Madagascar. Eggs of Ethiopia Taenia were fed to five SEM and those of Madagascar Taenia to two SEM pigs and one Holstein calf [14] .
Four of the five SEM pigs fed Ethiopia Taenia were found to be infected with cysticerci. The infection rate was 80%. A total of 47 cysticerci were recovered from the livers of these animals. The cysticercus recovery rate was 0.005% (Table 1) 
. The two SEM pigs infected with Madagascar
Taenia were all found to be infected with a total of 13 cysticerci in the liver. The infection rate and cysticercus recovery rate were 100% and 0.2%, respectively. The Holstein calf was not susceptible to T. saginata from Madagascar (Table 1) .
More cysticerci were found in the liver parenchyma (64%) than on the liver surface (36%) for the Ethiopia Taenia, whereas the result was reversed for the Madagascar Taenia: 54% in the surface and 46% in the parenchyma (Table 2) .
Among the 46 cysticerci of Ethiopia Taenia, four were mature and 42 were degenerated or calcified. However, all cysticerci of the Madagascar Taenia were degenerated or calcified (Table 3 ) [14] .
Measurements and Hooklet Pattern of Cysticerci
The measurements of the cysticerci of Taenia from Asia and Africa are shown in Table 4 . The length, width, and diameters of protoscolex, rostellum, and sucker increased with the duration of infection. However, the size of cysticerci became smaller when the liver of the animal host harbored a large number of cysticerci [8] [9] [10] [11] [12] [13] [14] .
Cysticerci of Asia Taenia were all found to have two rows of hooklets. The outer-row hooklets were numerous and tiny. The number and length of inner-row hooklets were given as follows: Taiwan Taenia, 1 to 52, 5 to 25 mm; Korea Taenia, 1 to 76, 2 to 28 mm; Indonesia Taenia, 1 to 40, 3 to 20 mm; Thailand Taenia, 3 to 44, 6 to 16 mm; Philippines Taenia, 6 to 56, 5 to 15 mm. One of the cysticerci of the Ethiopia Taenia was found to have two rows of hooklets. The inner hooklets were six in number and 10 mm in length, whereas the outer hooklets were numerous, shorter, and less well developed (Table 4) [8] [9] [10] [11] [12] [13] [14] .
DISCUSSION
In Taiwan, hunting is one of the main occupations of the aborigines in the mountainous regions. Wild animals are an important source of animal protein for these people. Cross et al noted that Taiwan aborigines eat meat and viscera of goat, monkey, deer, wild boar, flying squirrel, and rodents immediately after killing and while the carcass is still warm [25] . Chung mentioned that the aborigines are especially fond of eating the raw intestine and stomach of herbivorous animals [26] . The people believe that these animals are clean and that the digestive organs are nutritious, especially for pregnant women. These organs also have a better taste [26] . On Lanyu Island, animals are rare, with only a few civet cats, snakes, and rats. The Yami people, however, do not like to eat these animals. They eat raw fishes, especially flying fish, from March to June [16] . They eat raw meat and viscera of domestic pigs and goats only in special ceremonies. They especially favor eating raw liver but never eat cooked liver [2, 27, 28] .
From 1983 to 1989, we conducted surveys of taeniasis among Atayal, Bunun, Ami, and Yami aborigines in 10 mountainous districts of Taiwan. We found that meat and/ or viscera of flying squirrel, wild boar, wild goat, wild rat, 300-2 ,500) (800-2,300) (600-1,500) (300-350) (75-90) DYL = Duroc-Yorkshire-Landrace; R = right; L = left; L-SEM = Landrace Small-Ear Miniature; SEM = Small-Ear Miniature. *Mean measurement is followed by range in parentheses. † All cysticerci had two rows of hooklets. The number and length of hooklets given is for the inner row; the number of outer-row hooklets is too numerous to count. domestic pig, domestic goat, muntjac, monkey, hare, civet cat, pheasant, weasel, squirrel, grouse, deer, bear, bamboo partridge, snake, dog, and frog are eaten raw by the aborigines [15] [16] [17] [18] [19] [20] [21] [22] . However, since the first report of human taeniasis by Oi in 1915 [29] , the causative agent of taeniasis among the aborigines was believed to be T. saginata. In 1966, Huang et al questioned the identity of the parasite, because beef was rarely eaten by the aborigines [2] and cattle were not domestic animals in the mountainous areas [30] .
These epidemiologic findings suggested that Taiwan Taenia may not be T. saginata.
In Korea, Lee estimated that 5% to 10% of the Korean population was infected with Taenia [31] . Moreover, Cheju Island in the southern part of this country is a highly endemic area of taeniasis. The infection rate ranged from 20.1% to 30.5% [32] [33] [34] . Inhabitants on Cheju Island are very fond of eating raw and often partially cooked meat and viscera of pigs and cattle. Pork is more commonly eaten than beef [1, 32] . Kim also recently reported that pigs were commonly infected with C. cellulosae, and cattle infected with Cysticercus bovis were rare. T. saginata [4] , however, is the dominant species on Cheju Island [34, 35] .
In July 1986 and September 1987 we conducted surveys of taeniasis on 507 persons in Weo-Wum-Ri and 595 persons in Ku-Wum-Ri on Cheju Island of Korea and found a prevalence of 7%. Twelve infected persons were treated with atabrine or bithionol following the survey, and 11 worms, two strobila, and 79 segments were recovered. These specimens were found to be indistinguishable from T. saginata. However, of these 12 cases, nine had eaten raw meat of pigs and cattle and three ate raw pork [23] .
In Indonesia, Kosin et al [37] reported that the prevalence of taeniasis at Ambarita village on Samosir Island in Lake Toba of North Sumatra was 9.5% (27/285). After mass treatment with bithionol, they recovered 93 T. saginata-like tapeworms from the infected persons. However, because the inhabitants on this island have had very little opportunity to eat beef, these authors suggested that the intermediate host might be animals other than cattle. Cross et al [38] conducted another parasitologic survey in the same village and found a prevalence of 1.9% (6/314) for taeniasis by stool examination. They noted that the Bataks on Samosir Island in Lake Toba ate partially cooked pork, and at times undercooked crabs and fishes from the lake. Beef is only eaten occasionally. Cross [39] suggested that goats may be the intermediate host of the parasite, but this suggestion has not been confirmed.
In September 1986 an epidemiologic survey was conducted among the inhabitants of the same village. The infection rate of taeniasis was found to be 21%. Following treatment with atabrine, 23 T. saginata-like tapeworms were recovered. Eight of the infected persons ate undercooked pork, six ate undercooked pork and dog meat, and only one ate undercooked beef and dog meat [24] . These findings are contrary to the usual epidemiologic pattern of T. saginata, for which cattle are the natural intermediate hosts. The difference in transmission pattern indicates that Indonesia Taenia may be different from the classical T. saginata.
In Thailand, Vajrasthira and Harinasuta [40] reported 2.5% of 263,703 persons infected with Taenia species. The infection rate was highest in the northeast region (3.4%) followed by the north (1.2%) and the central regions (0.2%). No Taenia eggs were detected in 41,337 stool specimens obtained from southern Thailand. This epidemiologic pattern occurs because raw or undercooked meat and viscera are commonly eaten by the people in the north, northeast, and central Thailand but not in the south. Although raw or undercooked pork sausage is more commonly consumed than beef, almost all cases of taeniasis in Thailand are due to T. saginata. Taeniasis due to T. solium is extremely rare [41] [42] [43] .
Taeniasis is found throughout the Philippines. Of 246,398 persons in 77 provinces and locations examined, 0.12% was found to be infected with T. saginata, 0.02% with T. solium, and 0.49% with Taenia of indistinguishable species [44] . Moreover, Garrison [45] recovered 31 tapeworms and found 26 to be T. saginata, two T. solium, and three unknown species of Taenia. Cabrera [46] recovered 41 tapeworms, all of which were T. saginata. These findings indicate that T. saginata is predominantly responsible for tapeworm infection in every region of the Philippines. However, from 1970 to 1974, of 4,956,422 pigs, 332,910 caribous, and 494,968 cattle slaughtered and inspected in 20 provinces, cities, and municipalities of the Philippines, 0.167% of pigs, 0.002% of caribous, and 0.003% of cattle were found to be positive for cysticercosis. Only four of the 21 areas reported no pig cysticercosis, whereas only three reported the presence of cysticerci in caribous and one in cattle [3] .
To shed light on this epidemiologic problem, eggs of the T. saginata-like tapeworms from Taiwan, Korea, Indonesia, Thailand, and the Philippines were inoculated into different kinds of domestic and wild animals. We succeeded in infecting pigs, calves, goats, and monkeys with Taiwan Taenia (mature cysticerci found only in pigs and calves) [8, 9] ; pigs, calves, and goats with Korea Taenia (mature cysticerci found only in pigs) [10] ; pigs and calves with Thailand and Philippines Taenia (mature cysticerci found only in pigs) [12, 13] , and pigs with Indonesia Taenia [11] . These results indicate that the pig is a laboratory intermediate host of these strains of Taenia. Moreover, four of 46 domestic pigs were found to be naturally infected with cysticerci in the livers on Lanyu Island, Taitung County, East Taiwan, and it may also be a natural intermediate host in other endemic areas of the East Asia. Moreover, the pig is also an animal model for this parasitic infection, and the SEM strain is the best. Cysticerci of Taenia from Asia were all recovered from the livers of the infected animals. However, cysticerci of T. saginata were commonly found in muscle tissue and only rarely in viscera, brain, and livers of cattle and reindeer; those of T. solium were commonly found in muscle and brain, and rarely in viscera of pig, monkey, and wild boar [47] . Measurements of the mean length, width, diameters of protoscolex, rostellum, and sucker of the cysticerci of Taenia from Asia were much smaller than those of T. saginata cysticerci and T. solium cysticerci. The prepatent period of cysticerci of Taenia from Asia is also shorter than those of T. saginata and T. solium. In addition to the location and measurements of the cysticerci, Taenia from Asia had a two-row hooklet pattern, and the length and number of inner-row hooklets of the cysticerci of Taenia from Asia were very similar among the five different strains. Although armed scolices with 3-to 8-m hooklets have been reported by Slais and Machnicka [48] , cysticerci of T. saginata always have unarmed scolices. Cysticerci of T. solium have armed scolices, but the hooklet pattern is very different from that of Taenia from Asia.
In Africa, C. bovis infections in the liver of cattle have been reported from Nigeria [48, 49] , Kenya [50] , and Sudan [51] . Schilihorn Van Veen [52] suggested T. saginata var. giraffae as a possible explanation for the cysticerci in the liver. In the present study, cysticerci of the two African strains of T. saginata-like tapeworms were all recovered from the livers and not from muscles of the pigs. Moreover, the sizes of these cysticerci were smaller than the classical T. saginata [47] , and the scolices were armed with hooklets. These findings are very similar to those of T. saginata-like tapeworm in the Far East.
The results of the epidemiologic surveys and field trials indicate that the epidemiology of Taenia infection in Asia follows a unique pattern. People eat more raw and/or undercooked pig liver and acquire T. saginata-like tapeworm infection. In the present study, the pig was found to be a suitable laboratory intermediate host of the T. saginata-like Taenia from Asia. The paradoxical epidemiology of this tapeworm infection in Taiwan, Korea, Indonesia, Thailand, and the Philippines can be explained. Moreover, the cysticerci of Asian Taenia are only found in the livers of the infected animals and have similar morphologic characteristics that are distinguishable from the cysticerci of T. saginata and T. solium. In 1995, we proposed this T. saginata-like tapeworm as a subspecies of T. saginata and named it T. s. asiatica. The classical T. saginata was renamed as T. s. saginata [7] . 6. In the mature proglottids the cirrus pouch of both T. s. asiatica and T. s. saginata do not extend to the excretory canal, whereas both tapeworms have the vaginal sphincter [7] . 
CONCLUSIONS

